One paradigmatic example of "irrational" bias in human economic decision-making-known as the "reflection effect"-is a tendency to prefer sure amounts over risky gambles in situations involving potential gain, but to prefer risky gambles over sure amounts in situations involving potential loss. To date, there is no causal evidence regarding the neural basis of the reflection effect. The ventromedial prefrontal cortex (vmPFC) is believed to play a critical role in mediating value-based decision-making. In this study, we administered a behavioral test of the reflection effect to three groups of subjects: neurosurgical patients with focal bilateral vmPFC lesions, neurosurgical patients with lesions outside vmPFC, and neurologically healthy adults. Subjects made a series of choices between a sure amount (e.g., gain of $50) and a gamble (e.g., 50% chance of gaining $100, 50% chance of gaining $0). Half the trials featured potential gains while the other half featured potential losses. The sure amounts varied across trials. Relative to the two comparison groups, the vmPFC lesion patients exhibited a significantly greater reflection effect; more gambles selected in the loss condition and fewer gambles selected in the gain condition. This finding demonstrates a critical role for vmPFC in governing susceptibility to bias in decision-making.
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Introduction
Human decision-making is susceptible to influence by a number of cognitive and affective biases that yield systematic deviation from the ostensibly rational (i.e., financially optimal) choice. The "reflection effect" is a classic example of such bias (Kahneman and Tversky, 1979; Tversky and Kahneman, 1981) . In this paradigm, which features a choice between a sure outcome and a risky gamble, individuals are more likely to gamble when the choices are prospective losses, as compared to when mathematically equivalent choices are prospective gains.
1 This pattern of choices violates "expected utility" models of decision-making and demonstrates that economic prospects are evaluated differently when conceived as gains versus losses. The reflection effect has been invoked to explain real-world choices deviating from expected utility, as commonly observed in casino gambling, financial investing, and insurance markets (Camerer, 2001) . Identifying the brain regions responsible for the reflection effect would thus help illuminate the neuropsychological mechanisms governing pivotal aspects of human choice behavior. Although functional imaging studies have correlated activity in certain brain areas with the degree of rationality across individuals, there has not yet been any demonstration that a particular brain region plays a causal role in mediating the reflection effect. In this study, we investigate this causal brain-behavior relationship through the study of neurological lesion patients. To test this prediction, we administered a behavioral test of the reflection effect to a sample of neurosurgical patients with focal, bilateral vmPFC lesions.
Materials and methods

Participants
The target lesion group consisted of five neurosurgical patients with extensive bilateral parenchymal changes, largely confined to the vmPFC, where vmPFC is defined as Brodmann areas 11, 25, 32, and the medial portion of 10 below the level of the genu of the corpus callosum (Mackey and Petrides, 2014) (Fig. 1) 
